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(54) METHOD OF FORMING LIQUID-DROPS OF MIXED LIQUID AND DEVICE FOR FORMING 
LIQUID-DROPS OF MIXED LIQUID 



(57) A droplet formation method of a mixed liquid is 
a method that the droplets 71 , 72 and 73 are each de- 
livered from each capillary tip to to mi the droplet 74 of 
the mixed liquid consisting of a raw material liquid on a 
substrate by applying a pulse voltage between the raw 
material liquids stored for each of a plurality of capillar- 
ies 1 , 2 and 3 and the substrate disposed opposite to 
each capillary tip. In addition, a droplet formation device 
of the mixed liquid is provided with a plurality of capil- 
laries for realizing formalion of the droplet 74 of the 
aforementioned mixed liquid, a substrate, a voltage ap- 
plying device for applying a pulse voltage and a control- 
ler for controlling the voltage applying device. 
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Description 
Teciinical Field 

[0001] The present invention relates to a droplet for- 
malion melhod of a mixed liquid and a droplet formation 

device of the same. 

Background Art 

[0002] Conventionally, in a chemical reaction in a liq- 
uid phase taken as a reaction field, when development 
of a reaction for synthesizing a desired product from a 
plurality of source materials is performed and the reac* 
tion is analyzed, for example, it is necessary to perfomn 
workings to optimize reaction conditions by grasping 
concentration dependency of each source material, the 
concentration dependency of a catalyst (including an 
enzyme), an effect of a case where a different catalyst 
is used, an effect of a case where a different solvent is 
used or the like to the yield of the desired product In a 
promising reaction. 

[0003] In this case, it may be necessary to analyze a 
huge number of samples with reaction conditions 
changed like a drug screening or the like, for example, 
in the development of phamriaceuticals. Forthat reason, 
studied has been the development of a technology that 
a number of a mixed liquid having each desired compo- 
nent composition which is used as a trace of droplet are 
quickly and regularly arranged on a predetemnined spot 
on a substrate from a viewpoint that the working eff telen- 
cy is improved and the cost is reduced. 
[0004] More concretely, studied has been the devel- 
opment of the technology on the droplet formation meth- 
od of the mixed liquid that the source liquids including 
the materials which are involved in the reactions of the 
source materials, a catalyst or the like are each pre- 
pared, and that when analysis is performed, these drop- 
lets are each mixed in a predetermined volume ratio in 
situ, and the droplets of the mixed liquid having different 
component compositions are instantaneously formed 
on the substrate. 

[0005] For example, Japanese Laid-Open No. 
2001 -11 6750 A proposes that the method that by using 
a plurality of Inkjet nozzles, supplying a predetermined 
quantity of active substances (nucleotide, cDNA, DNA 
fragment, enzyme, antigen, antibody, epitope, protein or 
the like) onto a predetermined spot on a substrate at a 
high speed and fixing the substance on the spot surface, 
an active chip that the substances (DNA fragment, cD- 
NA, polypeptide, oligonucleotide or the like) used as a 
probe or the like for analyses or the like of DNA or the 
like are fixed on the substrate is manufactured, and that 
the method that the aforementioned active substance is 
manufactured on the predetermined spot on the sub- 
strate by using the reactant material In place of the 
aforementioned active substances with the same meth- 
od. 



Disclosure of the invention 

[0006] However, in case of the aforementioned con- 
ventional droplet formation method of a mixed liquid. 
5 there was a problem that since the lesser the droplets 
of each raw material liquid to be used became, the less 
the fluidity inside the droplet became by the affect of the 
surface tension on the droplet, and that even though a 
plurality of droplets of raw material liquids were physi- 
10 caily unified, it was difficult to obtain a droplet in a state 
where the components were uniformly distributed. 
[0007] In addition, there was a problem that since the 
lesser the droplets of each raw material liquid became, 
before the mixing between the droplets of the raw ma- 
f5 terial liquids fully progressed, the vaporization of the 
droplets of each raw material liquid in a state while the 
droplets dropped or after the droplets reached the sub- 
strate was more likely to progress In a short time, it was 
difficult to obtain a droplet under the condition that the 
20 components were unifomrily distributed from this view- 
point. 

[0008] If the droplet of a mixed liquid where the com- 
ponents are uniformly distributed can not be f omied like 
this, it is difficuit lo precisely observe and analyze a 
chemical reaction which progresses in the droplets of 
the mixed liquid functioning each as the reaction fields. 
In addition, as the reproducibility of an analytical result 
deteriorates, the reliability is insufficient. 
[0009] The present invention has been accomplished 
in view of the foregoing problems and is intended to pro- 
vide the droplet formation method of a mixed liquid that 
even though the quantity Is a trace, a number of droplets 
of the mixed liquid where the components are unifomrily 
distributed can be quickly and regularly arranged at a 
predetermined position on a substrate and the droplet 
formation device of the mixed liquid. 
[0010] The present invention provides the droplet for- 
mation method of the mixed liquid, wherein the raw ma- 
teria! liquid is delivered from the tips of each capillary to 
form the droplet of the mixed liquid consisting of the raw 
material liquid on a substrate by applying a pulse voltage 
between the raw material liquid stored for each of a plu- 
rality of capillaries and the substrate disposed opposite 
to the tips of each capillary. 

[0011] Here, the present invention uses the method 
that electrostatic attraction is utilized when the droplet 
is formed at a predetermined position on the substrate. 
This method is a method that a pulse voltage is applied 
between the liquid stored in the capillaries for fonning 
droplets (hereinafter referred to as "raw material liquid") 
and the substrate disposed opposite to the capillary tips 
which are the droplet dripping outlets to attract the liquid 
from the capillary tips to the substrate side by electric 
force and drip the droplets onto the substrate. 
[0012] As described above, the mixed liquids them- 
selves can be mixed by allowing them to collide with 
each other in the space between each capillary and the 
substrate before each raw material pulled out by electric 
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force from each capillary tip reaches the substrate by 
applying the pulse voltage between each raw material 
liquid stored In a plurality of capillaries and the sub- 
strate. Since the droplets of the mixed liquid formed by 
the collision of the raw material liquids themselves in the 
space between each capillary and the substrate are of 
a turbulent flow inside the droplets, the mixing of the raw 
material liquids themselves can be sufficiently acceler- 
ated for a short time. In addition, the mixing between the 
raw material liquids can be further definitely perfomned 
by allowing the droplets of the mixed liquid to collide the 
substrate by electric force. 

[0013] In addition, in the droplet formation method ac- 
cording to the present invention, one droplet consisting 
of at least one kind of raw material liquid stored in at 
least one capillary out of a plurality of capillaries may be 
first formed on the substrate by delaying the timing of 
applying the pulse voltage. Even in this case, by apply- 
ing the pulse voltage to the raw material liquids stored 
in the other capillaries just after the foregoing, the raw 
material liquids pulled out from the capillaries by elec- 
trostatic attraction are attracted by the existing droplets 
on the substrate and are rushed therein. Even If the 
droplets are later injected from the capillaries to collide 
against the existing droplets formed beforehand on the 
substrate like this, a turit)ulent flow occurs Inside the 
droplets of the mixed liquid formed by the collision, the 
mixing between the raw material liquids can be suffi- 
ciently accelerated for a short time. 
[001 4] As a result, according to the present invention, 
although the quantity Is a trace, a number of droplets of 
the mixed liquids where the components are uniformly 
distributed can be quickly and regularly arranged at the 
predetermined position on the substrate. Furthermore, 
the downsizing of working scale of a working which re- 
quires a treatment that various kinds of mixed liquids 
are prepared by mixing different liquids at an given rate 
and speed up of the working can be simultaneously ma- 
terialized. 

[0015] In addition, in the present invention, in order to 
form the droplets of the mixed liquids in the space be- 
tween each capillary and the substrate by allowing each 
of the raw material liquids pulled out by electric force 
from a plurality of the capillary tips to collide with each 
other to mix them, the applying conditions of the pulse 
voltage orthe disposition conditions of a plurality of cap- 
illaries to the substrate may be adjusted so as to con- 
centrate the electric flux lines generated between each 
of raw material liquids and the substrate after the pulse 
voltage Is applied on one droplet out of the droplets of 
the raw material liquids each delivered from each cap- 
illary tip. 

[0016] Note that in the present invention, when the 
pulse voltage is applied between each raw material liq- 
uid and the substrate, the voltage may applied so as to 
allow each potential of the raw material liquids to be 
higher than that of the substrate, and the voltage may 
be applied so as to allow each potential of the raw ma- 



terial liquids to be lower than that of the substrate. 
[0017] In addition, "the mixed liquid where the com- 
ponents are unifonnly distributed" shows a liquid where 
the components are unifomrily dissolved if the compo- 
5 nents to be used are dissolved in a liquid (a solvent) to 
be used and shows. On the other hand, the foregoing 
term shows a dispersion liquid where the components 
are unifonnly dispersed if the components to be used 
are not dissolved in a liquid (dispersion medium). Fur- 
io thermore, in the present invention, substances which 
mutually trigger a chemical reaction may be contained 
in a mixed liquid after being formed as components, a 
substance which is stably existent In the liquid may be 
mixed, and both substances may be contained in a 
15 mixed condition. 

[0018] In addition, the droplet formation method of the 
mixed liquid according to the present invention may be 
characterized in that the value of the pulse voltage which 
is applied to the raw material liquid stored in at least one 
capillary out of a plurality of capillaries is made bigger 
than that of the pulse voltages which are applied to each 
of the other raw material liquids. 
[0019] If the applying conditions of the pulse voltage 
which is applied between the raw material liquids stored 
by a plurality of capillaries and the substrate are set as 
described above, the electric flux lines generated be- 
tween each raw material liquid and the substrate after 
the pulse voltage is applied can be concentrated on one 
droplet to which the maximum pulse voltage is applied 
out of the droplets of the raw material liquids each de- 
livered from each capillary tip. As a result, all the drop- 
lets of the raw material liquids to be used can be con- 
solidated to form the droplet of one mixed liquid in the 
space between each capillary and the substrate. 
[0020] Furthermore, the droplet fomnation method of 
the mixed liquid according to the present Invention may 
be characterized in that the application of the pulse volt- 
age to the raw material liquid stored in at least one cap- 
illary out of a plurality of capillaries is first started, and 
next, the application of the pulse voltage to each of the 
other raw material liquids is started before the first ap- 
plication of the pulse voltage is finished. 
[0021] If the applying conditions of the pulse voltage 
to be applied between the raw material liquid stored in 
each of a plurality of capillaries and the substrate are 
set as described above, the electric flux lines generated 
between each raw material liquid and the substrate after 
the pulse voltage is applied can be concentrated on one 
droplet with the eariiest application start time of the 
pulse voltage out of the droplets of the raw material liq- 
uids each delivered from each capillary tip. As a result, 
all the droplets of the raw material liquids to be used can 
be consolidated to fonn the droplets of one mixed liquid 
in the space between each capillary and the substrate. 
[0022] In addition, the droplet formation method of the 
mixed liquid according to the present invention may be 
characterized in that the distance between at least one 
capillary tip out of a plurality of capillary tips and the sub- 
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strate Is longer than the distances between each tip of 
the other capillaries and the substrate. 
[0023] If the disposition conditions of a plurality of 
capillaries to the substrate are set as described above, 
the electric flux lines generated between each of the raw 
material liquids and the substrate after the pulse voltage 
is applied can be concentrated on one droplet delivered 
from a capillary with the longest distance from the sub- 
strate out of the droplets of the raw material liquids each 
delivered from each capillary tip. As a result, all the drop- 
lets of the raw material liquids to be used can be con- 
solidated to form the droplet of one mixed liquid. 
[0024] I n addition, the droplet f omiation method of the 
mixed liquid according to the present invention may be 
characterized in that the pulse voltage is sequentially 
applied to each of the raw material liquids stored in a 
plurality of capillaries in ail different timings. Namely, the 
formation method may be characterized In that after ap- 
plying the pulse voltage to the raw material liquid stored 
in some one capillary is finished, the pulse voltage is 
applied to the raw material liquid stored In another cap- 
illary. 

[0025] The electric flux lines generated between the 
raw material liquid and the substrate can be concentrat- 
ed on the droplet previously formed by adjusting the 
pulse voltage applying conditions, to. each raw material 
stored in a plurality of capillaries as described above. 
As a result, each raw material liquid is sequentially and 
unifomily mixed by being collided with the existing drop- 
lets. 

[0026] Furthemnore, If the droplet fomnation method 
of the mixed liquid according to the present invention 
adopts the aforementioned pulse voltage applying con- 
ditions, the formation method may be characterized in 
that the volume or mass of droplets fomried on the sub- 
strate is measured every time the application of each 
pulse voltage is finished. Namely, the fomriation method 
may be characterized in that the volume or mass of the 
droplets formed on the substrate is measured at that 
point in a state before the pulse voltage application to 
th© next raw material liquid Is started (in a state that a 
dropletformation processes temporarily suspended), af- 
ter the pulse voltage application to the raw material liq- 
uids stored in some one capillary Is finished. 
[0027] The volume or mass of the droplets formed on 
the substrate at a time of halfway when the final droplet 
of the mixed liquid is formed can be accurately meas- 
ured as a temporarily established value without the in- 
fluence on the droplets of the raw material liquids which 
subsequently collide against the aforementioned drop- 
lets by setting the timing that the volume or mass of the 
droplets formed on the substrate is measured as de- 
scribed above. As a result, the information such as the 
volume and mass of the raw material liquids which are 
important in a chemical reaction analysis or the like can 
be measured seriatim. 

[0028] In addition, the droplet fomnation method of the 
mixed liquid according to the present invention may be 



characterized in that if the timing of measuring the vol- 
ume or mass of the droplet formed on the substrate at 
that point Is set as described above, the volume or mass 
of the dropletformed on the substrate Is measured every 
5 time a pulse voltage application is finished, the volume 
or mass of the raw material liquid Injected from every 
capillary is independently measured every the process 
of each pulse voltage application based on the meas- 
ured value of the volume or mass of the foregoing drop- 

10 let. Namely, the fonnation method may be characterized 
in that the volume or mass of the raw material liquid in- 
jected from a predetermined capillary may be obtained 
to form droplet Pn from droplet Pn-1 by perfonning the 
difference operation between the volume or mass of the 

15 droplet ("droplet Pn") of the mixed liquid on the substrate 
measured when the droplet formation process is tem- 
porarily suspended as described above and the volume 
or mass of the droplet ("droplet Pn-1 ") of another mixed 
liquid measured when the process just before the drop- 

20 let formation process is suspended. 

[0029] As described above, the volume or mass of 
each raw material liquid injected from each capillary can 
be accurately measured in each process by measuring 
the volume or mass of the droplet on the substrate every 

25 time the droplet formation process of the mixed liquid is 

temporarily suspended- 

[0030] Furthermore, the droplet formation method of 
the mixed liquid according to the present invention may 
be characterized in that in the case described above, 

30 the quantity of the droplet formed on the substrate may 
be adjusted by performing feedback control based on 
the measured value of the volume or mass of the droplet 
formed on the substrate for each process of the pulse 
voltage application process. Namely, the formation 

35 method may be characterized in that a feedback control 
may be performed on the quantity of the droplet of the 
mixed liquid formed on the substrate based on the in- 
formation on the volume or mass of the droplet on the 
substrate at the time of completion of each process 

^ measured for each process of pulse voltage application, 
or based on the Information on th© volume or mass of 
the raw material liquid injected from each capillary for 
each process found by a difference operation according 
to the foregoing information. 

45 [0031] The droplet fonnation process is finished at a 
time when the volume or mass of the droplet on the sub- 
strate reaches a desired value by performing the control 
as described above, or a control that the kind of a raw 
material liquid to be Injected into the droplet Is changed 

50 halfway in a process can be performed. 

[0032] Furthenmore, the present invention provides a 
droplet fomnation device of the mixed liquid, wherein the 
droplet formation device of the mixed liquid provides a 
raw material liquid delivery section having a plurality of 

55 capillaries where the raw material liquids for forming the 
droplets of the mixed liquids are each stored, a substrate 
which is disposed opposite to the tips of each capillary 
and on which the droplets of the mixed liquids formed 
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of the raw material liquids each delivered from the tips 
of each capillary are placed, a voltage applying device 
where a pulse voltage is applied between each raw ma- 
terial liquid stored in each capillary and the substrate 
and a controller which controls the voltage applying de- 
vice. 

[0033] The applying conditions of the pulse voltage 
can be adjusted so as to allow the electric flux lines gen- 
erated between each raw material liquid and the sub- 
strate after the pulse voltage is applied to be concen- 
trated on one droplet out of the droplets of the raw ma- 
terial liquids each delivered from the tips of each capil- 
lary by controlling the voltage applying device by the 
controller. 

[0034] As a result, ail the droplets of the raw material 
liquid to be used can be consolidated to form the droplet 
of one mixed liquid in the space between each capillary 
and the substrate, a number of droplets of the mixed 
liquid where the components are unlfomnly distributed 
even though the quantity is a trace can be quickly and 
regularly an-anged at a predetermined position on the 
substrate. 

[0035] In addition, the droplet fomiation device of the 
mixed liquid according to the present Information may 
be characterized in that the controller controls the volt- 
age applying device so as to allow the value of the pulse 
voltage to be applied to the raw material liquid stored in 
at least one capillary out of a plurality of capillaries to be 
bigger than those of the pulse voltages to be applied to 
each of the other raw material liquid. 
[0036] By thus controlling the voltage applying device 
by the controller and adjusting the applying conditions 
of the pulse voltage to be applied between the raw ma- 
terial liquids stored for each of a plurality of capillaries 
and the substrate as described above, the electric flux 
lines generated between each of the raw material liquids 
and the substrate after the pulse voltage is applied can 
be concentrated on one droplet to which the highest 
pulse voltage is applied out of the droplets of the raw 
material liquid each delivered from each capillary tip. 
[0037] Furthermore, the droplet formation device of 
the mixed liquid according to the present invention may 
be characterized in that the controller controls the volt- 
age applying device so as to allow the application of the 
pulse voltage to be first started to the raw material liquid 
stored in at least one capillary out of a plurality of cap- 
illaries followed by allowing the application of the pulse 
voltage to be started to each of the other raw material 
liquids before the first application of the pulse voltage is 
finished. 

[0038] By thus controlling the voltage applying device 
by the controller and adjusting the applying conditions 
of the pulse voltage to be applied between the raw ma- 
terial liquids stored for each of a plurality of capillaries 
and the substrate as described above, the electric flux 
lines generated between each of the raw material liquids 
and the substrate after the pulse voltage Is applied can 
be concentrated on one droplet with the eariiest appli- 



cation start time when the pulse voltage is applied out 
of the droplets of the raw material liquids each delivered 
from each capillary tip. 

[0039] In addition, the droplet formation device of the 
5 mixed liquid according to the present invention may be 
characterized In that the distance between the tip of at 
least one capillary out of a plurality of capillaries and the 
substrate is set to be longerthan the distances between 
each tip of the other capillaries and the substrate. 
[0040] If the disposition conditions of a plurality of 
capillaries to the substrate are thus adjusted, after the 
pulse voltage is applied, the electric flux lines generated 
between each of the raw material liquids and the sub- 
strata can be concentrated on one droplet delivered 
from a capillary with the longest distance to the sub- 
strate out of the droplets of the raw material liquids each 
delivered from each capillary tip. 
[0041] Furthermore, the droplet formation device of 
the mixed liquid according to the present invention may 
be characterized in that the controller controls the volt- 
age applying device so as to sequentially apply the 
pulse voltage to each of the raw material liquids stored 
in a plurality of capillaries in all different timings. Namely, 
the formation method may be characterized in that the 
controller controls the voltage applying device so as to 
apply the pulse voltage to the raw material liquid stored 
in another capillary after finishing the application of the 
pulse voltage to the raw material liquid stored in some 
one capillary. 

[0042] By adjusting the applying conditions of the 
pulse voltage to each of the raw material liquids stored 
in a plurality of capillaries as described above, the elec- 
tric flux lines generated between the raw material liquid 
and the substrate can be concentrated on the droplet 
previously fomried. As a result, each of the raw material 
liquids is sequentially and uniformly mixed by being col- 
lided with the existing droplets. 

[0043] In addition, the droplet formation device of the 
mixed liquid according to the present invention may be 
characterized in that a volume measuring device for 
measuring the volume of a droplet formed on a substrate 
and/or a mass sensor for measuring the mass of the 
droplet are further provided and the controller controls 
the volume measuring device and/or the mass sensor 
together with the voltage applying device. 
[0044] This allows the droplet of a mixed liquid with a 
desired component composition to be quickly and defi- 
nitely fomried. For example, if the controller controls the 
voltage applying device so as to sequentially apply the 
pulse voltage to each of the raw material liquids stored 
in a plurality of capillaries In all different timings, the vol- 
ume or mass of the droplet formed on the substrate can 
be measured every time the application of each pulse 
voltage is finished by allowing the controller to control 
the volume measuring device and/or the mass sensor. 
[0045] As a result, the volume or mass of the droplet 
of the mixed liquids formed on the substrate at a time of 
halfway when the droplet of the final mixed liquid is 
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formed can be accurately measured as a temporarily es- 
tablished value without any influence of the droplets of 
the raw material liquid which subsequently collide 
against the aforementioned droplet. As a result, the in- 
fomriation such as the volume and mass of the raw ma- 5 
lerial liquid important in chemical reaction analyses or 
the like can be sequentially measured. 
[0046] In addition, the droplet fomnation device of the 
mixed fiquid according to the present invention may be 
characterized in that the controller controls the voltage io 
applying device and the volume and/or the mass sensor 
so that the controller measures the volume or mass of 
the droplet formed on the substrate at that point every 
time the application of the pulse voltage is finished and 
the volume or mass of the raw material liquid injected is 
from each capillary can be independently measured for 
each process that each pulse voltage is applied based 
on the measured value of the volume or mass of the 
aforementioned droplet. 

[00471 As described above, by temporarily suspend- 20 
ing the droplet formation process of the mixed liquid and 
measuring the volume or mass of the droplet on the sub- 
strate for each suspension, the volume or mass of each 
of the raw material liquids injected from each capillary 
can be accurately measured in each process. 25 
[0048] Furthermore, the droplet formation device of 
the mixed liquid according to the present invention may 
be characterized in that the quantity of the droplets of 
the raw material liquid formed on the substrate is adjust- 
ed by allowing the controller to perform feedback control so 
on the voltage applying device based on the measured 
value of the volume or mass of the droplets formed on 
the substrate every process that each pulse voltage ob- 
tained from the volume measuring device and/or the 
mass sensor Is applied. 35 
[0049] By performing a control as described above, a 
control that the droplet formation process is finished at 
a time when the volume or mass of the droplet on the 
substrate reaches a desired value or the kind of a raw 
material liquid to be injected to a droplet is changed dur- 40 
ing a process can be materialized. 

Brief Description of the Drawings 

[0050] 45 

Fig. 1 is a system diagram schematically showing 
the basic constitution of a first embodiment of the 
droplet fomnation device of a mixed liquid according 
to the present invention. 50 
Fig. 2 is a front view of a capillary provided at a raw 
material liquid delivery section of the droplet forma- 
tion device of the mixed liquid shown in Fig. 1 as 
viewed from the normal direction of a substrate sur- 
face. 55 
Fig. 3A is a graph showing one example of the pat- 
tems of a pulse voltage outputted from a voltage 
applying device controlled by a controller In the 



droplet formation device of the mixed liquid shown 
in Fig. 1. Fig. 38 is a view showing the formation 
process of the droplet formed between the raw ma- 
terial delivery section and the substrate if a pulse 
voltage shown in Fig. 3A is applied. 
Fig. 4A is a graph showing one example of the pat- 
terns of the pulse voltage outputted from the voltage 
applying device controlled by the controller in the 
droplet formation device of the mixed liquid shown 
in Fig. 1. Fig, 48 is a view showing the formation 
process of the droplet of the mixed liquids formed 
between the raw material delivery section and the 
substrate if the pulse voltage shown in Fig. 4A is 
applied. 

Fig. 5A is a graph showing one example of the pat- 
terns of the pulse voltage outputted from the voltage 
applying device controlled by the controller in the 
droplet formation device of the mixed liquid shown 
in Fig. 1 . Figs. 58 and 5C are views each showing 
the formation process of the droplet formed be- 
tween the raw material delivery section and the sub- 
strate if the pulse voltage shown in Fig. 5A is ap- 
plied. 

Fig. 6A is a graph showing one example of the pat- 
terns of a pulse voltage outputted from the voltage 
applying device controlled by the controller in a sec- 
ond embodiment in the droplet formation device of 
the mixed liquid according to the present invention. 
Fig. 68 is a view showing the fomiation process of 
the droplet formed between the raw material deliv- 
ery section and the substrate if the pulse voltage 
shown in Fig. 6A is applied. 
Fig. 7 is a front view showing another embodiments 
of the raw material delivery section In the droplet 
fonmation device of the mixed liquid shown in Fig. 1 . 
Fig. 8 is a system diagram schematically showing 
the basic constitution of a third embodiment of the 
droplet formation device of the mixed liquid accord- 
ing to the present invention. 

Fig. 9 is a graph showing one example of the pat- 
terns of the pulse voltage outputted from the voltage 
applying device controlled by the controller In the 
third embodiment of the droplet formation device of 
the mixed liquid according to the present invention. 
Figs. 10A to 10C are views each showing the for- 
mation process of the droplet of the mixed liquid 
formed between a raw material delivery section 20 
and a substrate 30 if a pulse voltage shown in Fig. 
9 is applied. 

Figs. 11 A to 11c are views each showing the for- 
mation process of the droplet of the mixed liquid 
formed between the raw material delivery section 
20 and the substrate 30 if a pulse voltage shown in 
Fig. 9 is applied. 

Fig. 12 is a system diagram schematically showing 
the basic constitution of a fourth embodiment of the 
droplet formation device of the mixed liquid accord- 
ing to the present invention. 
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Best Modes for Carrying Out the Invention 

[0051] Hereinafter described below will be the pre- 
ferred embodiments of the droplet formation method of 
the mixed liquid and the droplet fomnation device of the 
mixed liquid according to the present Invention with ref- 
erence to the drawings. Note thai in the description be- 
low, the same symbols will be denoted in the same or 
equivalent portions and the duplicated descriptions will 
be omitted. 

[First Embodiment] 

[0052] Fig. 1 is a system diagram schematically show- 
ing the basic constitution of a fist embodiment of the 
droplet formation device of a mixed liquid according to 
the present invention. In addition, Fig. 2 is a front view 
of a capillary provided at a raw material liquid delivery 
section of the droplet formation device of the mixed liq- 
uid shown in Fig. 1 as viewed from the normal direction 
of a substrate surface. 

[0053] As shown in Fig, 1 , a droplet formation device 
1 0 of the mixed liquid in the first embodiment is a device 
which is operated based on the droplet formation meth- 
od of the mixed liquids according to the present inven- 
tion and comprises the raw material liquid delivery sec- 
tion 20 having three capillaries 1 , 2 and 3 where the raw 
material liquid for fomning the droplet of the raw material 
liquid is each stored, a substrate 30 on which a droplet 
70 of the mixed liquid formed of the raw material liquids 
each delivered from the tips of the three capillaries is 
loaded, a moving stage 60 on which the substrate is 
mounted, a voltage applying device 40 which applies a 
pulse voltage between each of the raw material liquids 
stored in each capillary 1 , 2, and 3 and the substrate 30 
and a controller 50 which controls the voltage applying 
device 40 and the moving stage 60. 
[0054] The controller 50 is electrically connected with 
the voltage applying device 40 and the moving stage 60. 
The controller 50 can arbitrarily change a relative posi- 
tion between the raw material liquid delivery section 20 
and the substrate 30 loaded on the moving stage 60 
within a predetermined range. In addition, the voltage 
applying device 40 is electrically connected with the raw 
material liquid delivery section 20 and the substrate 30 
and has a constitution where the pulse voltage can be 
independently applied to each of the raw material liquids 
stored every three capillaries in the raw material liquid 
delivery section 20. 

[0055] Furthermore, as shown in Fig. 2, for the three 
capillaries 1 , 2 and 3 comprising the raw material liquid 
delivery section 20, the cross section shape of the de- 
livery outlet is almost circular and they are each a cap- 
illary tube, for example, with Inner diameter of 5 to 50 
p.m. In addition, for the three capillaries 1, 2 and 3, the 
capillary 2 is disposed between the capillaries 1 and 3, 
and as shown In Fig. 2. the circular delivery outlets of 
the three capillaries 1 , 2 and 3 are disposed so as to be 



linearly aligned as they are viewed from the normal di- 
rection of the surface of the substrate 30. 
[0056] Furthermore, as shown in Fig. 1, the delivery 
outlets of each capillary 1 , 2 and 3 are disposed so as 

5 to allow the delivery outlets of the capillaries 1 and 3 to 
contact with the delivery outlet of the capillary 2 with a 
focus on the delivery outlet of the capillary 2. In addition, 
the distances between each of the three capillaries 1 , 2 
and 3 and the substrate 30 are set so as to be the same 

10 distance d20. 

[0057] These capillaries 1 , 2 and 3 can be manufac- 
tured by preparing, for example, 3 glass-made tubes or 
3 quartz-made tubes to extend with these capillaries in 
a bundle state. In this case, it is preferable that for each 

15 capillary 1 , 2 and 3. the ratio r1/r2 of the inner diameter 
(see Fig. 2) to the outer diameter (see Fig. 2) of the de- 
livery outlet is 0.5 to 0.9 from a viewpoint that the drop- 
lets of the raw material liquids delivered from the deliv- 
ery outlets of each capillary 1 , 2 and 3 are allowed to 

20 more definitely collide with each other and mix them In 
the space between the substrate 30 and the raw mate- 
rial delivery section 20. 

[0058] In addition, the electrodes (unillustrated) which 
are electrically connected with the voltage applying de- 

25 vice 40 are disposed so as to contact the raw material 
liquid inside each capillary 1 , 2 and 3. And, the controller 
50 controls the voltage applying device 40 so as to allow 
all the droplets of the raw material liquid to collide with 
each other to thereby fomi the droplet of one mixed llq- 

30 uid (see the droplet 74 in Fig. 4B later described) in the 
space between each capillary 1 , 2 and 3 and the sub- 
strate 30 before the droplets (see the droplets 71 , 72 
and 73 in Fig, 4B later described) of the raw material 
liquids each delivered from the tips of each capillary 1 , 

35 2 and 3 reach the substrate 30. 

[0059] Furthermore, as the substrate 30, for example, 
a rectangular plate made of metal such as silicon and 
aluminum or a rectangular plate made of plastics such 
as acryl resin and polyvinyl chloride can be used. In ad- 

40 dition, if a rectangular metal plate is used as the sub- 
strate 30, an organic film, a reaction reagent or the like 
may be coated on the surface on which the droplet of 
the mixed liquid is formed. Furthermore, if a rectangular 
plastic plate is used as the substrate 30, the electrode 

45 (unillustrated) which is electrically connected with the 
voltage applying device 40 is disposed inside the pliate. 
[0060] The operating principle of the droplet fonmation 
device 10 of the mixed liquid will be first described by 
using Fig. 3. 

50 Fig. 3A is a graph showing one example of the patterns 
of a pulse voltage outputted from the voltage applying 
device 40 controlled by the controller 50 in the droplet 
formation device 10 of the mixed liquid shown in Fig. 1 . 
Fig. 3B is a view showing the formation process of the 

55 droplet 72 fomried between the raw material delivery 
section 20 and the substrate 30 if the pulse voltage 
shown in Fig. 3A is applied. Note that In Fig. 3A, the 
vertical axis shows the intensity of the pulse voltage of 
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AE and the horizontal axis shows the time T. 
[0061] In the first place, the raw material liquid in the 
capillary 2 is placed inside the capillary 2 against the 
gravity by the surface tension. However, as shown in 
Fig. 3A, if the pulse voltage of AE2 is applied in a pre- 5 
determined pulse width between the raw material liquid 
in the capillary 2 and the substrate 30, as shown in Fig. 
3B, the droplet 72 of the raw material liquid is drawn 
from the tip of the capillary 2 by electric force, and the 
droplet is formed as a columnar droplet in the space be- io 
tween the capillary 2 and the substrate 30. Then, the 
droplet of a predetermined quantity Is formed on the 
substrate 30 by allowing the droplet 72 of the raw ma- 
terial liquid to collide against the substrate 30 and de- 
positing thereon. is 
[0062] In this case, since if the peak value or the pulse 
width of the pulse voltage to be applied from the voltage 
applying device 40 by the controller 50 is Increased, the 
volume of the droplet formed on the substrate 30 Is In- 
creased. In addition, if the peak value or the pulse width 20 
of the pulse voltage to be applied is decreased, the vol- 
ume of the droplet formed on the substrate 30 Is de- 
creased, and the volume of the formed droplet can be 
controlled by controlling the peak value and/or the pulse 
width. 25 
[0063] Namely; "in the formation device- 10 of the 
mixed liquid, the volumes of the droplets 71 , 72 and 73 
of the raw material liquids each delivered from the tips 
of a plurality of capillaries 1, 2 and 3 can be adjusted 
independently of each of the raw material liquids by 30 
changing the intensity and/or the pulse width of the 
pulse voltage to be applied between each capillary and 
the substrate 30, and the raw material liquid to be used 
can be precisely mixed in any ratio. Therefore, the com- 
position ratio of the components in the droplet 70 of the 35 
obtained mixed liquid can be precisely controlled. 
[0064] Note that the distance d20 between the raw 
material delivery section 20 and the substrate 30 is set 
considering the volume of the droplet 70 of the mixed 
liquid formed on the substrate 30 or the like. In addition, 40 
it is preferable that the pulse voltage is applied so as to 
allow the position of Pm at which all the droplets 71 , 72 
and 73 of the raw material liquids collide with each other 
to satisfy the following conditions from a viewpoint that 
all the droplets 71 , 72 and 73 of the raw material liquids ^5 
are consolidated to more definitely form the columnar 
droplet 74 of one mixed liquid. Namely, It is preferable 
that the pulse voltage is applied so as to allow the ratio 
of dm/d20 of the distance dm between the substrate 30 
and the aforementioned position of Pm to the distance so 
d20 between the raw material delivery section 20 and 
the substrate 30 to be 0.3 to 0.8 (see Fig. 4B and Fig 
5C). 

[0065] Next, description below will be made of one ex- 
ample of the operation of the droplet formation device ^5 
10 of the mixed liquid with reference to Fig. 4 and one 
preferred embodiment of the trace droplet formation 
method of the mixed liquid according to the present in- 
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vention. 

[0066] Fig, 4A is a graph showing one example of the 
patterns of the pulse voltage outputted from the voltage 
applying device 40 controlled by the controller 50 in the 
droplet fomiatlon device 1 0 of the mixed liquid shown in 
Fig.1 and Fig. 4B is a view showing the formation proc- 
ess of the droplet 74 formed between the raw material 
delivery section 20 and the substrate 30 if the pulse volt- 
age shown in Fig. 4A is applied. Note that in Fig. 4A, the 
vertical axis shows the intensity of the pulse voltage of 
AE and the horizontal axis shows the time T. 
[0067] As shown in Fig. 4, when the pulse voltage is 
applied from the voltage applying device 40, the control- 
ler 50 controls the voltage applying device 40 so as to 
allow the value AE2 of the pulse voltage to be applied 
between the raw material liquid stored in the capillary 2 
out of the three capillaries 1 , 2 and 3 and the substrate 
30 to be bigger than the values AE 1 and AE3 of the pulse 
voltages to be applied between each of the raw material 
liquids stored in the capillaries 1 and 3 and the substrate 
30. 

[0068] If the pulse voltage Is applied between each of 
the raw material liquids stored in each capillary 1 , 2 and 
3 and the substrate 30 under the applying conditions of 
the pulse voltage as described above, as shown In Fig. 
48: after the pulse voltage-ls applied,-1he electric flux 
lines generated between each of the raw material liquids 
and the substrate 30 can be concentrated on the droplet 
72 of the raw material liquid delivered from the capillary 
2 to which the highest pulse voltage is applied out of the 
columnar droplets 71 , 72 and 73 of the raw material liq- 
uids each delivered from the tips of each capillary 1 . 2 
and 3. 

[0069] As a result, the droplets 71 . 72 and 73 of the 

raw material liquids drawn from the tips of each capillary 
1 , 2 and 3 can all be consolidated w-jh a focus on the 
center of the droplet 72 of the raw material liquid deliv- 
ered from the capillary 2 to which the highest pulse volt- 
age is applied by an electric force, and the columnar 
droplet 74 of one mixed liquid can be fomned in the 
space between the raw material delivery section 20 and 
the substrate 30. Therefore, even though the quantity is 
a trace, the droplet 70 of the mixed liquid where the com- 
ponents are unlfomnly distributed can be quickly formed 
at a predetermined position on the substrate 30. 
[0070] Note that the intensity of the values AE1 and 
AE3 of the pulse voltage may be smaller than the value 
AE2 of the pulse voltage, may be the same values as 
shown in the aforementioned Fig. 4A or may be the dif- 
ferent values. In this case, the values AE1 and AE3 of 
the pulse voltage may be determined considering the 
composition ratio of the components in the droplet 70 of 
the mixed liquid fomned on the substrate 30 or the like. 
[0071] And, If anumber of the droplets 70 of the mixed 
liquids are continuously formed on the substrate 30, the 
composition of the droplet 70 of the mixed liquid to be 
formed can be arbitrarily changed as described above 
by controlling the voltage applying device 40 with the 
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controller 50 to change the values AE1 to AE3 of the 
pulse voltage or by changing each pulse width or the 
like. In addition, the volume of the raw material liquid 
can be arbitrarily changed by controlling the voltage ap- 
plying device 40 and the moving stage 60 with the con- 
troller 50 to change the distance d20 between the raw 
material liquid delivery section 20 and the substrate 30 
or the like. 

[0072] As a result, even though the quantity is a trace, 
a number of the droplets 70 of the mixed liquid where 
the components are uniformly distributed can be quickly 
and regularly arranged at a predetermined position on 
the substrate 30. 

[0073] Here, in Figs. 4A and 4B. although the case 
that the highest pulse voltage is applied between the raw 
material liquid stored in the capillary 2 disposed at the 
center of each capillary 1 , 2 and 3 and the substrate 30 
has been described, in the present invention, the com- 
bination of the raw material liquid and the substrate to 
which the highest pulse voltage is applied is not limited 
by the disposition location of a capillary where the raw 
material liquid is stored. 

[0074] However, it is preferable that the capillary out 
of each capillary to which the highest pulse voltage is 
applied is a capillary disposed at a position on which the 
electric flux lines are easily concentrated (for example, 
the position which is the nearest to a geometrical center 
when considering the geometrical disposition condition 
of the delivery outlet in each capillary) as the disposition 
conditions of each capillary are viewed from the normal 
direction of the substrate surface (see Fig. 2 or Fig. 7), 
as shown in Figs. 4A and 4B, from a viewpoint that the 
droplets 71 , 72 and 73 of the raw material liquids are all 
consolidated to efficiently form the columnar droplet 74 
of one mixed liquid In the space between the raw mate- 
rial liquid delivery section 20 and the substrate 30. 
[0075] Therefore, if the raw material liquid which is the 
major component is provided, considering the composi- 
tion ratio of the components of the droplet 70 of the 
mixed liquid to be formed on the substrate 30, it is pref- 
erable that a capillary containing the raw material liquid 
is disposed at the aforementioned position and the high- 
est pulse voltage Is applied between the raw material 
liquid which is the major component and the substrate 
30. 

[0076] In addition, in this case, the pulse width of the 
pulse voltage to be applied to each capillary 1 , 2 and 3 
may be changed according to the composition ratio of 
the components of the droplet 70 of the mixed liquid 
formed on the substrate 30 or the like and the pulse 
width may be each different value or may be all the same 
values. 

[0077] Furthemnore, the size of the diameter of the de- 
livery outlet at the tips of each capillary 1 , 2 and 3 is not 
particularly limited. For example, for the capillary of a 
raw material liquid where the raw material liquid contain- 
ing the component which is the major component of the 
droplet of the mixed liquid Is stored, the size of the die- 
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livery outlet may be bigger than that of the other capil- 
laries. 

[0078] Next, description below will be made of anoth- 
er example of the operation of the droplet formation de- 
5 vice 10 of the mixed liquid with reference to Fig. 5 and 
another preferred embodiment of the trace droplet for- 
mation method according to the present invention. 
[0079] Fig. 5A is a graph showing one example of the 
patterns of the pulse voltage outputted from the voltage 
10 applying device 40 controlled by the controller 50 in the 
droplet formation device 10 of the mixed liquid shown in 
Fig. 1 . Figs. 5B and 5C are views each showing the for- 
mation process of the droplet 74 of the mixed liquid 
formed between the raw material delivery section 20 
15 and the substrate 30 if the pulse voltage shown In Fig. 
5A Is applied. In addition, in Fig. 5, the vertical axis 
shows the intensity of the pulse voltage AE and the hor- 
izontal axis shows the time T 

[0080] As shown in Fig. 5A, when the pulse voltage Is 
applied from the voltage applying device 40, the control- 
ler 50 controls the voltage applying device 40 so as to 
first start the application of the pulse voltage between 
the raw material liquid stored in the capillary 2 out of the 
three capillaries 1, 2 and 3 and the substrate 30 and 
then, so as to start the application of the pulse voltage 
between the raw materials stored In the other capillaries 
1 and 3 and the substrate 30 before the first started ap- 
plication of the pulse voltage is finished. 
[0081 ] Namely, when the pulse voltage is applied from 
the voltage applying device 40, the controller 50 controls 
the voltage applying device 40 so as to delay the appli- 
cation start time t2 of the pulse voltage to be applied 
between each of the other raw material liquids stored In 
the capillaries 1 and 3 and the substrate 30 against the 
application start time t1 of the pulse voltage to be applied 
between the raw material liquid stored in the capillary 2 
out of the three capillaries 1 , 2 and 3 and the substrate 
30 at predetermined time intervals (t2 to t1). 
[0082] If the pulse voltage is applied between each of 
the raw material liquids stored in each capillary 1 , 2 and 
3 and the substrate 30 under the applying conditions of 
the pulse voltage as described above, after the pulse 
voltage is applied, the electric flux lines generated be- 
tween each of the raw material liquids and the substrate 
30 can be concentrated on the droplet 72 of the raw ma- 
terial liquid delivered from the capillary 2 where the ap- 
plication start time of the pulse voltage is the eariiest out 
of the droplets 71 , 72 and 73 each delivered from the 
tips of each capillary 1 , 2 and 3. 
[0083] Namely, in the first place, as shown in Fig. 58, 
the droplet 72 of the raw material liquid delivered from 
the capillary 2 where the application start time of the 
pulse voltage is the eariiest reaches the substrate 30. 
Next, as shown In Fig. 5C, the columnar droplets 71 and 
72 delivered from the capillaries 1 and 3 where the ap- 
plication start time of the pulse voltage is late are collid- 
ed with the droplet 72 of the raw material liquid previ- 
ously delivered to form the columnar droplet 74 of one 



25 



30 



35 



40 



45 



50 



9 



BNSDOCID: <EP 1445016A1_L> 



17 



EP1 445 016 A1 



IB 



mixed liquid. 

[0084] As a result, the droplets 71 , 72 and 73 of the 
raw material liquids drawn from the tips of each capillary 
1 , 2 and 3 can be all consolidated by electric force, with 
a focus on the droplet 72 of the raw material liquid pre- 
viously delivered, and the columnar droplet 74 of one 
mixed liquid can be fomied in the space between the 
raw material delivery section 20 and the substrate 30. 
Therefore, even though the quantity is a trace, the drop- 
let 70 of the mixed liquid where the components are uni- 
formly distributed can be quickly formed at a predeter- 
mined position on the substrate 30. 
[0085] Note that in Rg. 5A, although described has 
been the case where the application start time of the 
pulse voltage to the capillaries 1 and 3 after the pulse 
voltage is applied to the capillary 2 is the same time, the 
application start time of the pulse voltage to the capil- 
laries 1 and 3 may be different, the application start time 
may be determined considering the conditions of the 
composition ratio of the components of the mixed liquid 
to be formed or the like. Namely, in the present Inven- 
tion, the application start times of the pulse voltage to 
other capillaries to the capillary where the application 
start time of the pulse voltage is the eariiest may be all 
the same time or different time. 

[0086] In addition, the time Interval (t2 to t1) of the ap- 
plication start time of the pulse voltage, that is, the timing 
of start:lng the application of the pulse voltage to the cap- 
illaries 1 and 3 after the pulse voltage is applied to the 
capillary 2 is determined considering the volume and the 
composition ratio of the components of the droplet 70 of 
the mixed liquid to be formed on the substrate 30, the 
distance d20 between the raw material delivery section 
20 and the substrate 30, the size of the delivery outlet 
of the capillary 2 or the like. 

[0087] However, it is preferable that in the present in- 
vention, the timing of starting the application of the pulse 
voltage to the capillary to which the pulse voltage is to 
be next applied to the capillary where the application 
start time is the earliest Is detemiined so as to start the 
application of the pulse voltage to other capillaries at the 
same time as it is when the droplet of the raw material 
liquid delivered from the capillary where the application 
start time is the earliest reaches the substrate, as illus- 
trated by the following examples, from a viewpoint that 
the droplets 71 , 72 and 73 of the raw material liquids are 
ail consolidated to efficiently form the columnar droplet 
74 of one mixed liquid In the space between the raw ma- 
terial liquid delivery outlet 20 and the substrate 30. 
[0088] Then, as shown In Fig. 1, if a number of the 
droplets 70 of the mixed liquid are continuously formed 
on the substrate 30, the application start time of the 
pulse voltage is changed by controlling the voltage ap- 
plying device 40 with the controller 50 as described 
above, or the composition of the droplet 70 of the mixed 
liquid to be formed can be ariDitrarily changed by chang- 
ing each Dulse width or the like. 
[0089] ■ Edition, the volume of the raw material liq- 



uid can be arbitrarily changed by changing the distance 
d20 between the raw material liquid delivery section 20 
and the substrate 30 or the like by controlling the voltage 
applying device 40 and the moving stage 60 with the 
5 controller 50, As a result, even though the quantity is a 
trace, the a number of the droplets 70 of the mixed liquid 
where the components are uniformly distributed can be 
quickly and regularly arranged at a predetermined po- 
sition on the substrate 30. 
10 [0090] Note that in the present invention, if the appli- 
cation start time when the pulse voltage is applied to 
each capillary is set by delaying the application start 
time as illustrated by one example, the values of the 
pulse voltage to be applied for each capillary may be 

15 each different or all the same. 

[0091] However, in this case. In the same manner as 
in the operation previously described by using Fig. 4, it 
is preferable that the voltage applying device 40 is con- 
trolled so as to allow the value AE2 of the pulse voltage 

20 to be applied between the raw material liquid stored in 
the capillary 2 out of the three capillaries 1 , 2 and 3 and 
the substrate 30 to be bigger than the values AE1 and 
AE3 of the pulse voltage to be applied between each of 
the other raw material liquids stored in the capillaries 1 

25 and 3 and the substrate, as shown in Fig. 5A, from a 
viewpoint that the droplets 71 , 72 and 73 of the raw ma- 
terial liquids are all consolidated to efficiently form the 
columnar droplet 74 of one mixed liquid in the space be- 
tween the raw material liquid outlet section 20 and the 

50 substrate 30. 

[0092] In addition, in this case also, the pulse widths 
when the pulse voltage is applied to each capillary 1 . 2 
and 3 may be changed according to the composition ra- 
tio of the components of the mixed liquid to be formed 

35 on the substrate 30 or the like, may be each different or 
may be all the same. 

[0093] Furthermore, in Figs. 5A to 5C. although de- 
scribed has been the case where the pulse voltage is 
applied at the eariiest application start time between the 

^0 raw material liquid stored in the capillary 2 which is cen- 
trally disposed out of each capillary 1 , 2 and 3 and the 
substrate 30, in this case also as described above, the 
combination of the raw material liquid and the substrate 
30 to which the pulse voltage is applied at the eariiest 

45 time is not limited by the disposition locations of each 
capillary 1 , 2 and 3 where each of the raw material liq- 
uids is stored. 

[0094] However, It Is preferable that the capillary out 
of each capillary to which the pulse voltage is applied at 

50 the eariiest time is a capillary which is disposed at a po- 
sition where the electric flux lines are easily concentrat- 
ed as the disposition conditions of each capillary are 
viewed from the normal direction of the substrate sur- 
face (see Fig. 2 or Fig. 7), as shown in Figs. 5A to 5C, 

55 from a viewpoint that the droplets 71 , 72 and 73 of the 
raw material liquids are all consolidated to efficiently 
fonn the columnar droplet 74 of one mixed liquid in the 
space between the raw material liquid delivery section 
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20 and the substrate 30. 
[Second Embodiment] 

[0095] Next, description will be made of the second 
embodiment of the droplet fomriation device of the mixed 
liquid according to the present invention. The droplet for- 
mation device of the mixed liquid (unillustrated) accord- 
ing to the second embodiment replaces the raw material 
delivery section 20 in the droplet formation device of the 
mixed liquid according to the first embodiment shown in 
Fig. 1 with a different constitution thereof and the con- 
stitution other than the raw material liquid delivery sec- 
tion 20 is the same as that in the droplet formation device 
10 of the mixed liquid according to the first embodiment. 
[0096] Description below will be made of the raw ma- 
terial liquid delivery section 20 provided on the droplet 
formation device of the mixed liquid according to the 
second embodiment. As shown in Fig. 6B later de- 
scribed indicates, the distance d2 between the tip of the 
capillary 2 out of the three capillaries 1 , 2 and 3 com- 
prising the raw material liquid delivery section 20 and 
the substrate 30 is set to be bigger than the distance d1 
between each tip of the other capillaries 1 and 3 and the 
substrate. 

[0097] Next, description will be made of the operation 
of the droplet fomnation device of the mixed liquid ac- 
cording to the second embodiment with reference to Fig. 
6 and another preferred embodiment of the trace droplet 
formation method according to the present invention. 
[0098] Fig. 6A is a graph showing one example of the 
pattems of the pulse voltage outpulted from the voltage 
applying device 40 controlled by the controller 50 in the 
second, embodiment in the droplet formation device of 
the mixed liquid according to the present invention. Fig. 
6B is a view showing the formation process of the drop- 
let 74 formed between the raw material delivery section 
20 and the substrate 30 if the pulse voltage shown in 
Fig. 6A is applied. Note that In Fig. 6A, the vertical axis 
shows the intensity AE of the pulse voltage and the hor- 
izontal axis shows time T. 

[0099] In the first place, the pulse voltage is applied 
between each of the raw material liquids stored in each 
capillary 1 , 2 and 3 and the substrate 30 from the voltage 
applying device 40 by the controller 50. In this case, as 
each capillary 1 , 2 and 3 comprising the raw material 
liquid delivery section 20 is disposed based on the afore- 
mentioned disposition conditions, the electric flux lines 
generated between each of the raw material liquids and 
the substrate 30 can be concentrated on the droplet 72 
of the raw material liquid where the distance with the 
substrate 30 is the biggest out of the droplets 71 , 72 and 
73 of the raw material liquids each delivered from the 
tips of each capillary 1 , 2 and 3. 

[0100] As a result, the droplets 71 , 72 and 73 of the 
raw material liquids drawn from the tips of each capillary 
1 . 2 and 3 can be all consolidated by electric force, with 
a focus on the droplet 72 of the raw material liquid de- 



livered from the capillary 2 where the distance with the 
substrate 30 is the biggest, and the columnar droplet 74 
of one mixed liquid can be formed in the space between 
the raw material liquid delivery section 20 and the sub- 
5 strate 30. Therefore, even though the quantity is a trace, 
a number of the droplets 70 of the mixed liquids where 
the components are uniformly distributed can be quickly 
arranged at a predetermined position on the substrate 
30. 

10 [0101] Note that the distance between each of the 
capillaries 1 and 3 and the substrate 30 may be shorter 
than the distance d2 between the capillary 2 and the 
substrate 30, may be the same value d1 as shown in 
Fig, 6 described above or different values. And, the ratio 
IS of the distance between the tip of the capillary 2 which 
is located at the most distant position from the substrate 
30 and the substrate 30 (for example, d2 in Fig. 6B) to 
the distance between the tip of another capillary and the 
substrate 30 (for example, d1 in Fig. 6B) may be deter- 
mined considering, for example, the volume and the 
composition ratio of the components of the droplet 70 of 
the mixed liquid, the distance d20 between the raw ma- 
terial liquid delivery section 20 and the substrate 30, the 
size of the delivery outlet of the capillary 2 or the like. 
[0102] However, It is preferable that the pulse voltage 
is applied so as to allow the position Pm where all of the 
droplets 71 , 72 and 73 of the raw material liquids collide 
with each other to satisfy the following conditions from 
a viewpoint that the droplets 71 , 72 and 73 of the raw 
material liquids are all consolidated to more definitely 
form the columnar droplet 74 of one mixed liquid In the 
space between raw material liquid delivery section 20 
and the substrate 30, Namely, it is preferable that the 
pulse voltage is applied so as to allow the ratio dm/dl 
of the distance dm between the substrate 30 and the 
aforementioned position Pm to the distance d1 between 
the delivery outlet of a capillary out of the capillaries of 
the raw material liquid delivery section 20 disposed at a 
position which is the nearest to the substrate 30 and the 
substrate 30 to be 0.3 to 0.8 (see Fig. 68). 
[0103] In addition, the intensity of the values AE1 , AE2 
and AE3 of the pulse voltage to be applied for each cap- 
illary 1 , 2 and 3 is not particulariy limited, for example, 
and may be ail the same values. However, in this case 
also, it is preferable that the controller 50 controls the 
voltage applying device 40 so as to allow the value AE2 
of the pulse voltage to be applied between the raw ma- 
terial liquid stored in the capillary 2 where the distance 
with the substrate 30 is the biggest and the substrate 30 
to be bigger than the values AE1 and AE3 of the pulse 
voltage to be applied between each of the other raw ma- 
terial liquids stored in the capillaries 1 and 3 and the 
substrate 30, for example, as shown In Fig. 6B, from a 
viewpoint that the droplets 71 , 72 and 73 of the raw ma- 
terial liquids are all consolidated to efficiently form the 
columnar droplet 74 of one mixed liquid in the space be- 
tween the raw material liquid delivery section 20 and the 
substrate 30. 
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[0104] Furthermore, in this case, for the application 
start time, when the pulse voltage is applied to each cap- 
illary 1 , 2 and 3 at the same as illustrated by one exam- 
ple in Fig. 6A. However, in this case also, the controller 
50 may control the voltage applying device 40 so as to 5 
allow the application start time when the pulse voltage 
is applied between the raw material liquid stored in the 
capillary 2 where the distance with the substrate 30 is 
the longest and the substrate 30 to be earlier than the 
application start time when the pulse voltage is applied io 
between each of the raw material liquids stored in the 
other capillaries 1 and 3 and the substrate 30, as previ- 
ously described by using Fig. 5A, from a viewpoint that 
the droplets 71 , 72 and 73 of the raw material liquids are 
all consolidated to efficiently form the columnar droplet ^5 
74 of one mixed liquid in the space between the raw nna- 
terial liquid delivery section 20 and the substrate 30. 
[0105] And, If a number of the droplets of the mixed 
liquid are continuously fomried on the substrate 30, the 
composition of the droplet 70 of the mixed liquid to be 20 
fomried can be arbitrarily changed by controlling the volt- 
age applying device 40 with the controller 50 to change 
the ratio of the distance between each of the aforemen- 
tioned capillaries 1, 2 and 3 and the substrate 30 de- 
scribed above, to change AE1 to AE3 of the pulse volt- 25 
agOi to change the application start time of the pulse 
voltage, to change each pulse width or the like. 
[0106] In addition, the volume of the raw material liq- 
uid can be arbitrarily changed by controlling the voltage 
applying device 40 with the controller 50 to change the 30 
distance between each capillary 1 . 2 and 3 and the sub- 
strate 30 or the like. As a result, even though the quantity 
Is a trace, a number of the droplets 70 of the mixed liquid 
where the components are uniformly distributed can be 
quickly and regularly arranged at a predetermined po- 55 
sition on the substrate 30. 

[0107] Furthermore, in Figs. 6A and 6B, although de- 
scribed has been the case where the distance between 
the tip of the capillary 2 which is centrally disposed out 
of each capillary 1 , 2 and 3 and the substrate 30 is max- 
imized, in this case also as described above, the com- 
bination of the capillary and the substrate 30 which max- 
imizes the distance between the substrate 30 and the 
tip of a capillary is not limited by the disposition positions 
of each capillary 1 , 2 and 3. 45 
[0108] However, in this case also, it is preferable that 
what maximizes the distance between the tip and the 
substrate 30 is a capillary disposed at a position where 
the electric flux lines are easily concentrated as the dis- 
position conditions of each capillary are viewed from the so 
normal direction of the substrate surface (see Fig. 2 or 
Fig. 7), as shown in Figs. 6A and 6B, from a viewpoint 
that the droplets 71 , 72 and 73 of the raw material liquid 
are all consolidated to efficiently form the columnar 
droplet 74 of one mixed liquid in the space between the ss 
raw material liquid delivery section 20 and the substrate 
30. 

[0109] In addition, in this case also, the pulse width of 



the pulse voltage when the pulse voltage is applied to 
each capillary 1,2 and 3 may be changed according to 
the composition ratio of the components of the droplet 
70 of the mixed liquid formed on the substrate 30 or the 
like, the values may be each different or all the same 
values. 

[Third Embodiment] 

[01 1 0] Next, description will be made of the third em- 
bodiment of the droplet formation device of the mixed 
liquid according to the present invention. Fig. 8 is a sys- 
tem diagram schematically showing the basic constitu- 
tion of the third embodiment of the droplet formation de- 
vice of the mixed liquid according to the present inven- 
tion. The droplet formation device 1 0A of the mixed liq- 
uid according to the third embodiment shown in Fig. 8 
has the same as that in the droplet fonnation device 1 0 
of the mixed liquid according to the first embodiment 
shown in Fig. 1 other than the volume measuring device 
80 further provided to measure the volume of the droplet 
70 (including the drops during forming) fomied on the 

substrate 30. . 

[0111] In the first place, description will be made of 
the volume measuring device 80 with reference to Fig. 
8. The volume measuring device 80 Is- electrically con-- 
nected with the controller 50 and the volume measuring 
device 80 transmits an information on the volume of the 
droplet 70 (including the droplets during forming) formed 
on the substrate 30 as an electric signal to the controller 
50. 

[01 1 2] The volume measuring device 80 observes the 
droplet 70 (including the droplets during fomiing) formed 
on the substrate 30 from the vertical direction to the nor- 
mal of the substrate 30 and has an optical function for 
obtaining the side image and a function foi* calculating 
the volume of the droplet 70 from the side image data. 
The volume of the droplet 70 can be calculated as if the 
droplet 70 were regarded as a body of revolution relative 
to the normal direction of the substrate 30. 
[01 1 3] Namely, a relatively small voluminal droplet 70 
has a property which keeps its profile shape to be highly 
symmetrical shape of a body of revolution by its surface 
tension. Therefore, the side Image of the droplet 70 is 
obtained, the profile shape of the droplet 70 Is approxi- 
mated to a body of revolution based on the image data, 
and thereby the volume can be measured. And, the v o l- 
ume measuring device 80 measures the volume o" - 3 
droplet 70 with the controller 50 In a proper timing. 
[0114] Next, description below will be made of the op- 
eration of the droplet formation device of the mixed liquid 
according to the third embodiment with reference to 
Figs. 9, 1 0 and 11 and one preferred embodiment of the 
trace droplet formation method according to the present 
invention. 

[0115] Fig. 9 is a graph showing one example of the 
patterns of the pulse voltage outputted from the voltage 
applying device 40 controlled by the controller 50 In the 
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third embodiment of the droplet formation device of the 
mixed liquid according to the present invention, and 
Figs. 10Ato 10C and Figs. 11Ato 11C are views show- 
ing the formation processes of the droplets 75 to 77 of 
the mixed liquids formed In the space between the raw 
material delivery section 20 and the substrate 30 if the 
pulse voltage shown in Fig. 9 is applied. Note that in Fig. 
9, the vertical axis shows the intensity AE of the pulse 
voltage and the horizontal axis shows the time T. 
[0116] As shown in Fig. 9, for the pulse voltage. AE2 
is first applied to the capillary 2 of the raw material de- 
livery section 20, AE3 is subsequently applied to the 
capillary 3 and AE1 is finally applied to the capillary 1 in 
this order. The droplet fomiation processes as de- 
scribed progress by adopting the voltage applying pat- 
terns like this. 

[0117] In the first place, as shown in Fig. 1 0A, if AE2 
is applied to the capillary 2, at a time of t1 ^ T < t2, a 
droplet fomnation process progresses just under the 
capillary 2. And, as shown in Fig. 10B, the droplet 75 
consisting of the raw material liquid 72 injected from the 
capillary 2 is formed on the substrate 30 at a time of T 
= t2. The volume measuring device 80 obtains the image 
of the droplet 75 at the moment to measure the value 
V1-2 of the droplet volume. As the droplet 75 is a first 
droplet formed on the substrate 30, the raw material liq- 
uid volume AV2 is AV2 = VI -2. 

[0118] Subsequently, as shown in Fig. 10C, the pulse 
voltage AE3 is applied to the capillary 3 at a time of t2 
^ T < t3. In this case, the electric flux lines between the 
raw material liquid 73 stored in the capillary 3 and the 
substrate 30 is concentrated on the droplet 75 which is 
already existent as a protrusion on the flat substrate 30. 
The raw material liquid 73 Is drawn by electrostatic at- 
traction to collide with the droplet 75, and a sufficient 
mixing progresses by causing a turbulent flow inside the 
droplet 75. 

[0119] And, as shown in Fig. 11 A, the droplet 76 
where the two kinds of the raw material liquids are suf- 
ficiently mixed is fomned on the substrate 30 at a time 
of T = t3. At this moment, the image of the droplet 76 is 
obtained by the droplet volume measuring device 80, 
and the value V2-3 of the droplet volume is measured. 
As the droplet 76 is a droplet where the two kinds of the 
raw material liquids are mixed, the volume AV3 of the 
raw material liquids injected from the capillary 3 is AV3 
= V2-3- V1-2. 

[01 20] Subsequently, as shown in Fig. 1 1 B, the pulse 
voltage AE1 is applied to the capillary 1 at a time of t3 
^ T < t4. In this case, the electric flux lines between the 
raw material liquid 71 stored in the capillary 1 and the 
substrate 30 is concentrated on the droplet 76 which is 
already existent as a protrusion on the flat substrate 30. 
As the raw material liquid 71 is drawn by electrostatic 
attraction to collide against the droplet 76, a sufficient 
mixing progresses by producing a turi^ulent flow inside 
the droplet 76. 

[0121] And. as shown in Fig. 11C, the droplet 77 



where three kinds of the raw material liquids are suffi- 
ciently mixed is formed on the substrate 30 at a time of 
T = t4. It is found that the volume AV1 of the raw material 
liquid injected from the capillary 1 is AV1 = V3-4 - V2-3 
s by measuring the volume value V3-4 of the droplet 77 
by the droplet volume measuring device 80. 
The droplet formation process is finished at a time when 
the volume or mass of the droplet on the substrate 30 
reaches a desired value by transmitting the information 
10 on the liquid droplet volumes of the mixed liquids V1-2, 
V2-3, V3-4, or the volumes AV1 , AV2, AV3 of each raw 
material liquid obtained as described above to the con- 
troller 50, or a feed back control that the kind of a raw 
material liquid injected to the droplet on the substrate 
15 30 is changed during a process is enabled. 

[0122] In this case, the pulse voltage values (AE1, 
AE2, AE3), the distance between the raw material liquid 
delivery section 20 and the substrate 30 and the dispo- 
sition positions of the capillaries in the raw material de- 
livery section 20 are adjusted beforehand from a view- 
point that each raw material liquid drawn from the open- 
ings of the tips of each capillary 1 , 2 and 3 is properly 
collided with the existing droplet (the droplet 75 or the 
droplet 76) on the substrate 30. 
[0123] Here, it is desirable that the first droplet is 
formed just under the capillary 2 In the raw material liq- 
uid delivery section 20, because there is an effect that 
the adjustments are facilitated as described above by 
making the position relation between the opening of the 
tip of each capillary in the raw material liquid delivery 
section 20 and the droplet on the substrate 30 as sym- 
metrically and equally distant as possible. However, if 
the adjustments can be made as described above, par- 
tlculariy, the first droplet may not be fomied just under 
the capillary 2. 

[Fourth Embodiment] 

[0124] Next, description will be made of the fourth em- 
bodiment of the droplet fonmation device of the mixed 
liquid according to the present invention. Fig. 12 is a sys- 
tem diagram schematically showing the basic constitu- 
tion of the fourth embodiment of the droplet formation 
device of the mixed liquid according to the present in- 
vention. 

[0125] In the droplet formation device 108 of the 
mixed liquid according to the fourth embodiment shown 
in Fig. 12, the mass sensor 90 is disposed between the 
substrate 30 and the moving stage 60 in place of the 
droplet volume measuring device 80 in the droplet for- 
mation device 10A of the mixed liquid according to the 
third embodiment shown in Fig. 8 and the constitution 
other than the foregoing is the same as in the droplet 
formation device 10A of the mixed liquid according to 
the third embodiment. 

[0126] Next, description will be made of the mass sen- 
sor 90 with reference to Fig. 12. The mass sensor 90 is 
disposed between the substrate 30 and the moving 
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stage 60 and measures the liquid droplet mass of the 
droplet 70 (including the droplets during forming). The 
mass sensor 90 measures the mass of the droplet 70 
formed on the substrate 30 in a propertiming by the con- 
troller 50. 5 
[0127] The operation of the droplet formation device 
10B are omilled since the operation other than the be- 
low-mentioned points are the same as that in the droplet 
formation device 10A according to the third embodi- 
ment. Namely, the droplet formation device 1 0B fomis io 
the droplet 70 in the same operation as that in the droplet 
fomiation device 1 0A according to the third embodiment 
other than what the controller 50 controls the mass sen- 
sor 90 in place of the volume measuring device 80 and 
what the data (the measured physical quantities) ob- is 
tained in each process is the mass of the droplet 70 dur- 
ing forming since the droplet 70 of the desired compo- 
nent composition and quantity (volume or mass) is 
formed. 

[0128] Although the embodiments according to the 20 
present Invention have been described in detail, the 
present invention Is not limited to the aforementioned 
embodiments. 

[0129] For example, although, in the droplet fomiatlon 
device of the mixed liquid according to the aforemen- 25 
tioned embodiment,- described has been the case where 
the three capillaries are disposed so as to allow the al- 
most circular delivery outlets of the three capillaries 1 , 
2 and 3 to be linearly aligned as the three capillaries 1 , 
2 and 3 are viewed from the nomnal direction of the sur- 30 
face of the substrate 30, in the present invention, the 
way of disposing a plurality of capillaries is not particu- 
larly limited. For example, if the three capillaries are 
used like the aforementioned embodiment, the three 
capillaries may be disposed so as to allow the lines com- 35 
bining the geometrical centers of each delivery outlet of 
the three capillaries to form a triangle as the delivery 
outlets of the three capillaries are viewed from the nor- 
mal direction of the surface of the substrate. 
[0130] Although, in the droplet fonnation device of the 40 
mixed liquid according to each embodiment described 
above, described has been the case where the sectional 
shapes of the delivery outlets of each capillary are al- 
most circular, in the present invention, the sectional 
shapes of the delivery outlets of a plurality of capillaries 45 
are not particularly limited. For example, they may be 
each an almost triangle or an almost rectangle. 
[0131] Furthemriore. for example, although, in the 
droplet fomiation device of the mixed liquid according 
to each embodiment described above, described has so 
been the case where the number of capillaries compris- 
ing the raw material liquid delivery sections is three cap- 
illaries, in the droplet formation device ofthe mixed liquid 
according to the present invention, the number of the 
capillaries comprising the raw material liquid delivery 55 
sections is not particulariy limited, the number of the 
capillaries comprising the raw material liquid delivery 
sections may be arbitrarily set according to the condi- 



tions such as the composition of the components of the 
droplet of the mixed liquid to be fomried and the volume 
ofthe droplet. For example, as shown in Fig. 7, the sev- 
en capillaries 1 to 7 may be used to comprise the raw 
material liquid delivery sections. 

Industrial Applicability 

[0132] As described above, in accordance with the 
droplet formation method of the mixed liquid and the 
droplet fonnation device of the mixed liquid according 
to the present invention, even though the quantity is a 
trace, the droplets of a number of mixed liquids where 
the components are uniformly distributed can be quickly 
and regulariy arranged at a predetermined position on 
a substrate. 

[0133] For example, the droplet fonnation method of 
the mixed liquid and the droplet formation device of the 
mixed liquid according to the present invention can be 
applied to drug discovery and disease diagnosis where 
drug screening is perfonned and analytical chemistry 
technology in the fields which require a treatment of mix- 
ing liquids containing different specimens In combinato- 
rial chemistry or the like to thereby facilitate the down- 
sizing of the working scale required for the aforemen- 
tioned treatments. As a result, this allows the refevant 
industries to facilitate effective utilization of specimens, 
high efficiency of working, improvement of safety and 
reduction of costs. 



Claims 

1. The droplet formation method of a mixed liquid, 
wherein by applying a pulse voltage between the 
raw material liquids stored for each of a plurality of 
capillaries and the substrate disposed opposite to 
the tips of said each capillary, said raw material liq- 
uids are each delivered from the tips of said each 
capillary to fonn the droplet of the mixed liquid in- 
cluding said material liquid on said substrate. 

2. The droplet fonnation method of the mixed liquid ac- 
cording to claim 1 . wherein a value of said pulse 
voltage to be applied to said raw material liquid 
stored in at least one capillary out of said plurality 
of capillaries is bigger than the value of said pulse 
voltage to be applied to each of the other liquids of 
said raw material liquids. 

3. The droplet fonnation method of the mixed liquid ac- 
cording to claim 1 , wherein an application of said 
pulse voltage is first started to said raw material liq- 
uid stored in at least one capillary out of said plural- 
ity of capillaries and subsequently, before the first 
application of the pulse voltage is finished, the ap- 
plication of said pulse voltage is started to each of 
the other liquids of said raw material liquid. 
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4. The droplet formation method of themixed liquid ac- 
cording to claim 1 , wherein the distance between a 
tip of at least one capillary out of said plurality of 
capillaries and said substrate Is longer than the dis- 
tance between each tip of other capillaries of said 
capillaries and said substrate. 

5. The droplet formation method of the mixed liquid ac- 
cording to claim 1 , wherein said pulse voltage is se- 
quentially applied to each of said raw material liq- 
uids stored in said plurality of capillaries in all differ- 
ent timings. 

6. The droplet formation method of the mixed liquid ac- 
cording to claim 5, wherein a volume or mass of the 
droplet formed on said substrate is measured every 
time the application of said each pulse voltage is 
finished. 

7. The droplet formation method of the mixed liquid ac- 
cording to claim 6, wherein the volume or mass of 
the droplet fomied on said substrate at that point Is 
measured whenever the application of said each 
pulse voltage Is finished, and the volume or mass 
of said raw material liquid injected from said each 
capillary is Independently measured every process 
that said each pulse voltage is applied based on the 
measured value of the volume or mass of the drop- 
let. 

8. The droplet formation method of themixed liquid ac- 
cording to claim 7, wherein the quantity of the drop- 
let of said mixed liquid formed on said substrate is 
adjusted by performing feedback control based on 
the volume or mass of the droplet formed on sard 
substrate every process that said each pulse volt- 
age is applied. 

9. The droplet fomnation device of the mixed liquid, 
wherein a raw material liquid delivery section hav- 
ing a plurality of capillaries where the raw material 
liquids for forming the droplet of the mixed liquid are 
each stored; 

a substrate which is disposed opposite to the tips 
of said each capillary and on which the droplet of 
said mixed liquid formed of said raw material liquid 
each delivered from the tips of each capillary is 
mounted, 

a voltage applying device which applies a pulse 
voltage between each of said raw material liquids 
stored in said each capillary and said substrate, and 
a controller which controls said voltage applying de- 
vice are provided. 

10. The droplet formation device of the mixed liquid ac- 
cording to 9, wherein said controller controls said 
pulse voltage applying device so as to allow the val- 
ue of said pulse voltage to be applied to said raw 



material liquid stored in at least one capillary out of 
said plurality of capillaries to be bigger than the val- 
ue of said pulse voltage to be applied to each of said 
other raw material liquids. 

5 

1 1 . The droplet formation device of the mixed liquid ac- 
cording to 9, wherein said controller controls said 
pulse voltage applying device so as to first start the 
application of said pulse voltage to said raw material 

10 liquid stored in at least one capillary out of said plu- 
rality of capillaries, and to subsequently start the ap- 
plication of said pulse voltage to each of said other 
raw material liquid before the first application of the 
pulse voltage is finished. 

15 

1 2. The droplet formation device of the mixed liquid ac- 
cording to 9, wherein the distance between the tip 
of at least one capillary out of said plurality of cap- 
illaries and said substrate is set to be longer than 

20 the distance between each tip of said other capillar- 
ies and said substrate. 

13. The droplet formation device of the mixed liquid, 
wherein a volume measuring device for measuring 
the volume of the droplet formed on said substrate 
and/or a mass sensor for measuring the mass of 
said droplet are provided, and 
said controller controls said volume measuring de- 
vice and/or said mass sensor together with said 
voltage applying device. 
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